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A B S T R A C T  

Most remote sensing devices do not  adequately image t h e  Ear th 's  

sur face when separated from it by cloud cover. 

s t a t i o n s  are located i n  fo res ted  areas, l i t t l e  has been known about 

t h e  p o t e n t i a l  l i m i t a t i o n s  of cloud cover f o r  the  remoted sensing o f  f o r e s t e d  

areas. 

areas i n  C a l i f o r n i a ,  i n c l u d i n g  the area i n  which the  NASA Fores t ry  Test 

S i t e  ( the  Bucks Lake Test S i t e )  i s  located. 

Since few weather 

/' T h i s  study analyzes t h e  cloud cover problem f o r  selected fo res ted  

Cloud cover ' informat ion from several se lected meteorological  

s t a t i o n s  i n  C a l i f o r n i a  was in te rpre ted  i n  order  t o  determine i t s  

in f luence on remote sensing a p p l i c a t i o n s  over fo res ted  areas. The 

ques t ion  o f  p r e d i c t i n g  percent c loud cover a t  var ious a l t i t u d e s  was 

examined by r e l a t i n g  recorded ground s t a t i o n  observat ions w i t h  

I 
I 

representa t ive  E a r t h - o r b i t a l  c loud imagery. A.comprehensive b ib l iography  

o f  recent research on c loud cover condi t ions,  inc lud ing  s a t e l l i t e  

a p p l i c a t i o n s ,  i s  included. b' '7- r( 0 I 3  
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CLOUD COVER INTERFERENCE WITH REMOTE SENSING OF FORESTED AREAS FROM 

EARTH-ORBITAL AND LOWER ALTITUDES 

by 

J e r r y  D. Lent 

I NT RODUCT I ON 

The r a t e  a t  which remote sensing appl 

recent  years has h i g h l i g h t e d  c e r t a i n  l i m i t a t  

ca t i ons  have increased 

ons now coming under c 

examinat ion due t o  the  need f o r  rapid,  p rec i se  i n t e r p r e t a t i o n  o f  da 

i n  

oser 

a 

t h a t  can be assembled and e f f i c i e n t l y  disseminated t o  the  s c i e n t i f i c  

world. Th i s  study i s  concerned w i t h  one o f  the major sources o f  

remote sensing l i m i t a t i o n s  - the  very atmosphere through which in format ion 

i s  sought. More s p e c i f i c a l l y ,  t h i s  study i s  intended t o  examine the  need 

f o r  p r e d i c t i n g  c loudiness cond i t ions  over fo res ted  areas and the  accuracy 

w i t h  which these p r e d i c t i o n s  can be made. 

Cloud-free sk ies  p rov ide  both the viewer, and most remote sensing 

equipment, w i t h  an unobstructed view o f  the t e r r a i n .  Unfor tunate ly ,  t he  

E a r t h ' s  sur face i s  50 t o  55 percent obscured by c louds (on the  average) 

a t  any s p e c i f i e d  time. Th is  would present an harass ing problem f o r  

s c i e n t i s t s  r e q u i r i n g  " the best" t e r r a i n  imagery were i t  not  f o r  the 

f o l l o w i n g  g e n e r a l i t i e s :  

a) Summer and f a l l  seasons are  less  cloudy than w in te r  and 

sphere). 

ons tend t o  be less c loudy than 

s p r i n g  seasons ( f o r  t he  Northern Hem 

b) A r c t i c  and equa to r ia l  reg 

temperate regions. 
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c )  D iurna l  f l u c t u a t i o n s  i n  c loud amounts e x i s t .  

d) Water bodies tend t o  be l e s s  cloudy than land surfaces. (See 

f i g u r e s  1 and 9a-0.) 

Planning a f l i g h t  mission, whether i t  be low a l t i t u d e  o r  Earth- 

o r b i t a l ,  requ i res  accurate weather in fo rmat ion  i n  order t o  p r e d i c t  

success i n  o b t a i n i n g  c e r t a i n  types o f  t e r r a i n  imagery. Cloudiness over 

fo res ted  areas w i l l  u s u a l l y  delay a . f l i g h t  miss ion designed t o  inventory  

the  w i l d l a n d  resources. I n  t h e  case o f  f o r e s t  f i r e  de tec t ion  and disease 

and insect  c o n t r o l ,  t i m i n g  o f  imagery i s  o f  the  utmost importance. Remote 

sensing systems r e l y i n g  on conventional imagery (i.e., panchromatic 

and c o l o r  photography) a re  hindered by c louds even when cloudiness i s  as low 

as two t o  four- tenths skycover. When such cond i t ions  p r e v a i l ,  f l i g h t  

missions must be rescheduled f o r  a more favorab le  s i t u a t i o n  (though not 

necessar i l y  a more favorable time) t o  r e t r i e v e  optimum informat ion.  (See 

f i g s .  2 and 3 . )  

A b r i e f  examination o f  the electromagnet ic spectrum reveals t h e  

requirements necessary t o  overcome o r  a t  l e a s t  reduce atmospheric 

i n t e r f e r e n c e  i n  o b t a i n i n g  spec i f ied  imagery. Each f i l m  and/or recorder 

has a s p e c i f i e d  reg ion o f  s e n s i t i v i t y  and, w i t h  i t , a compromise between 

r e s o l u t i o n  and a t t e n u a t i o n  due to  atmosphere. Orthochromatic f i l m  i s  

s e n s i t i v e  a t  shor t  wavelengths and consequently has poor penet ra t ing  power 

through atmospheric haze. Panchromatic f i l m s  extend t o  longer wavelengths 

b u t  c o r r e c t i v e  f i l t e r s  a re  requi red t o  reduce t h e  problem o f  haze; conven- 

t i o n a l  c o l o r  f i l m s  have s e n s i t i v i t i e s  beyond the panchromatic range 

( i .e.,  a t  longer wavelengths) and thus possess greater  haze penet ra t ing  
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a b i l i t y .  A s  i l l u s t r a t e d  i n  f i g u r e  4,  however, severe atmospheric haze 

(IrsmogIi) can se r ious l y  d e t e r i o r a t e  the  image. Th is  emphasizes the 

f a c t  t h a t  atmospheric p a r t i c l e  s ize  i s  d i r e c t l y  r e l a t e d  t o  the  ease w i t h  which 

remote sensing can penet ra te  dust ,  smoke, and clouds. F igu re  5 reveals  

a radar  image taken w i t h  considerably longer wavelengths t h a t  e s s e n t i a l l y  

"see through" p a r t i c l e s  o f  the  s ize  t h a t  c o n t r i b u t e  t o  a c loud format ion.  

Radar imagery a l so  i s  capable of r e g i s t e r i n g  d e t a i l  a t  n igh t ,  as w e l l  

as du r ing  the  day, should t h e  need a r i se .  

somewhat l a rge r  than smoke p a r t i c l e s ,  t h i s  suggests t h a t  a sensing dev ice f o r  

d e t e c t i n g  f o r e s t  f i r e s  (even under obscured sk ies)  us ing the  same wave- 

lengths as a re  used i n  radar sensors, might prove super ior  t o  convent ional  methods 

o f  de tec t i on  now i n  operat ion.  However, a t  these radar wavelengths grea ter  

success f o r  f i r e  de tec t i on  m i g h t  be obta ined through use o f  a "passive" 

microwave sensor ra the r  than an "act ive"  radar system. 

Since c loud p a r t i c l e s  a re  

Greater d e t a i l  and image reso lu t i on  i s  poss ib le  us ing panchromatic 

radar o r  passive microwave sensors. 

a1 app l ica t ions ,  however, radar 

more des i rab le  whenever c louds are  a 

type  f i l m s  

For  genera 

o r  pass ive  

p rob 1 em. 

(see f i g u r e  6) than w i th  

, gross surveys and spec 

microwave sensors may be 

JUST I F  I CAT I ON 

The necess i ty  f o r  p r e d i c t i n g  c loudiness over e i t h e r  a s p e c i f i c  

reg ion  o r  a very l a rge  p o r t i o n  o f  the  Earth has far - reaching imp l ica t ions .  

From a f o r e s t r y  standpoint ,  these imp l i ca t i ons  can be expressed i n  terms 

of t h e  ease w i t h  which land-use surveys are  made, t imber species and 

q u a n t i t i e s  de l ineated,  management dec is ions  formulated, f o r e s t  p r o t e c t i o n  

p r a c t i c e s  i n t e n s i f i e d ,  and many other f o r e s t r y  app l i ca t i ons  developed. 
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METHODS AND PROCEDURES 

I n  conducting t h i s  study of c loud amounts over fo res ted  areas, it 

was decided t h a t  C a l i f o r n i a  would prov ide s u i t a b l e  regions t o  i n v e s t i g a t e  

f o r  the  f o l l o w i n g  reasons: 

a) 

b)  

c)  

d) 

t h e  d i v e r s i t y  o f  fo res ted  and a g r i c u l t u r a l  c o n d i t i o n s  

the  we1 1 d i s t r i b u t e d  weather s t a t i o n  coverage 

t h e  complexi ty o f  meteorological  cond i t ions ,  and 

t h e  presence of  NASA t e s t  s i t e s  f o r  which c loudiness i s  

an mportant concern i n  f l i g h t  miss ion planning. 

Cloudin-ss in fo rmat ion  f o r  e i g h t  s t a t i o n s  was obta ined from the  

Weather Records Center, Ashev i l le ,  North Carol ina.  Th is  in format ion 

consis ted o f  magnetic tapes and punched cards. I n  add i t ion ,  representat ive 

TIROS imagery was obtained as an a id  i n  i n t e r p r e t i n g  data on c loud amounts. 

(Refer t o  f i g s .  7-9.) The Reno weather s t a t i o n  was included t o  i n d i c a t e  

how cloudiness changes from the  c res t  o f  t h e  C a l i f o r n i a  S ie r ra  Nevada 

Range t o  t h e  Great Basin Plateau. T h i s  in fo rmat ion  i s  included i n  t h e  

"ResultsI1 sec t ion  where Blue Canyon cloudiness i s  compared w i t h  t h a t  o f  

t h e  Reno s t a t i o n .  

Where poss ib le ,  each s t a t i o n  was analyzed f o r  a f i f t e e n  year 

per iod.  

t e s t e d  so t h a t  95 and 90 percent confidence bands, respec t ive ly ,  were 

computed. B lue Canyon and Reno data are at tached herein.  Simply, t h e  

Monthly sunnnaries were made f i r s t  and v a r i a t i o n s  o f  c loudiness 

method o f  computing these confidence bands i s :  

Confidence l e v e l  Confidence band 

95% monthly average 2 1.96 (standard dev ia t  
data i n  populat  

90% monthly average 2 1.64 (standard dev ia t  
data i n  populat  
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The n inety- f  i v e  percent (upper) confidence l e v e l  was chosen because 

i t  was f e l t  tha t ,  owing t o  the  nature o f  weather data, a g rea ter  conf idence 

requirement would r e s u l t  i n  too  broad an i n t e r v a l  f o r  r e a l i s t i c  c loudiness 

c o n d i t i o n s  i n  any g iven area. The n i n e t y  percent ( lower) conf idence 

l e v e l  was chosen because i t  was f e l t  t h a t  l i t t l e  s i g n i f i c a n c e  could be ascr ibed 

t o  cloud-cover p r e d i c t i o n s  based on a degree o f  confidence lower than t h i s .  

By apply ing t h e  foregoing simple ana lys is  t o  the  weather s t a t i o n s  

incorporated i n  t h i s  study (see map, page 8), i t  was then p o s s i b l e  t o  

summarize i n  tabu la r  form the  l e v e l s  o f  confidence associated w i t h  t h e  

spec i f ied  t ime i n t e r v a l  o f  c loudiness data. Cloudiness data f o r  s p e c i f i e d  

a l t i t u d e s  and t imes o f  day were ava i lab le ,  but  cursory examination of 

these suggested t h a t  less than meaningful in format ion would r e s u l t  from 

the  method se lected f o r  analys is .  Consequently, monthly summaries are 

presented h e r e i n  w i thout  regard t o  d i f f e r e n c e s  i n  c loud a l t i t u d e s .  I t  

should be emphasized t h a t  long t e r m  records of  c loudiness data are c u r r e n t l y  

. undergoing adapt ion t o  EDP f i l e s  so t h a t  records longer than those employed 

i n  t h i s  study can be analyzed q u i c k l y  i n  t h e  f u t u r e .  

The g e n e r a l i z a t i o n  regarding cloudiness cond i t ions  over a fo res ted  

region--which might r e s u l t  f rom a few, widely  scat tered weather s t a t i o n  

skycover reports--may prove e n t i r e l y  adequate f o r  c e r t a i n  ob jec t ives ;  but,  

f o r  t h e  most p a r t ,  these genera l i za t ions  must be loosely  in te rpre ted .  

Meteoro log ica l  v a r i a b l e s  have been shown t o  be complex i n  nature, and 

cons iderab le  'Ihomogeneity'l of t e r r a i n  i s  requi red be fore  wide-ranging 

e x t r a p o l a t i o n s  between observing s t a t i o n s  are  made; i n  mountainous, 

f o r e s t e d  regions these ex t rapo la t ions  are confounded by a m u l t i t u d e  of 

v a r i a b l e s  which make p r e d i c t i o n s  o f  c louds a g e n e r a l i z a t i o n  a t  best.  



-6- 

D I S C U S S I O N  OF RESULTS 

Two v iewpoints  of ana lys i s  commonly he ld  by meteorologists--numerical  

ana lys i s  and synopt ic  analysis--have been incorporated i n  t h i s  study as 

an a i d  t o  d e r i v i n g  meaningful resu l ts .  

The s p a r s i t y  of weather s ta t i ons  so s i t u a t e d  as t o  record c loud cover 

i n  remote fo res ted  areas presented problems, i n  t h i s  study, of e x t r a p o l a t i n g  

data between s ta t ions .  A s i m i l a r  d i f f i c u l t y  would l i k e l y  e x i s t  w i t h  respect 

t o  most o the r  fo res ted  areas o f  the  wor ld.  

network o f  weather s ta t ions ,  t he  problems associated w i t h  p r e d i c t i n g  

c loud amounts o f  a spec i f i ed  fo res ted  reg ion  a re  very complex. I t  i s  

I n  the absence o f  an adequate 

r e a d i l y  seen by n o t i n g  f i g u r e  1 t ha t  present  weather s ta t i ons  record ing 

c loud cover a re  located i n  w e l l  es tab l i shed s i t e s .  The fo res ted  regions 

of t h e  southeast Uni ted States, i n  f a c t ,  a re  s u f f i c i e n t l y  homogeneous i n  

land features t h a t  a c l o s e r  i n t e r p r e t a t i o n  o f  data (v is. ,  c loudiness a t  

var ious  a l t i t u d e s  and times o f  day) i s  poss ib le  w i t h  r e l i a b i l i t y  f o r  success 

g r e a t l y  enhanced. Along the  P a c i f i c  Coast Range and Rocky Mountain Range, 

however, t h i s  homogeneity de te r io ra tes  i n t o  a myr iad o f  t e r r a i n  c h a r a c t e r i s t i c s  

such t h a t  f o res ted  reg ions remain r e l a t i v e l y  remote even by present standards. 

Many meteoro log ica l  va r iab les  can c o n t r i b u t e  t o  c loudiness and the  i n t e r p l a y  

o f  these va r iab les  i s  no t  completely understood a t  t he  present t ime. 

Promising f a c t o r s  f o r  a d d i t i o n a l  study inc lude upper a i r  wind pa t te rns  t h a t  

c o n t r i b u t e  t o  changing weather condi t ions,  p r e c i p i t a t i o n  records, and 

r a d i a t i o n  measurements. 

The use o f  weather s a t e l l i t e  imagery i s  a proven a p p l i c a t i o n  f o r  

instantaneous weather surveys throughout the  world. 

o f  weather s a t e l l i t e s  prov ides the Weather Bureau w i t h  the best  a v a i l a b l e  

source o f  r a p i d  world-wide weather data now known. 

The l a t e s t  Nimbus se r ies  

Nephographs showing c loud 
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type and distribution are drawn up, and when compared with long-term 

ground observations, show broad agreement. It should be mentioned that 

the resolution of such imagery is such that little extrapolation beyond 

meteorological aspects is comnonly made. To the meteorologist, clouds 

become a l1target1I rather than an obstruction. 

The following tables list summaries of cloudiness over a period of 

years for the stations included in this study: Blue Canyon, located at the 

crest of the central Sierra Nevada, and Reno, Nevada, some thirty miles 

away are especially interesting to compare. The Reno station is broken 

down into nighttime hours and daytime hours and it is seen that clouds are 

less frequent during the nighttime hours on the average. In comparing the 

two tables the difference between nighttime and daytime cloudiness for the 

Reno station must be considered. The most cloud-free periods for these 

two stations are July and August for Blue Canyon (averaging close to twenty 

cloud-free days a month) and August and September for Reno (averaging fifteen 

cloud-free days a month). Timing of ground observations i s  at six-hour 

intervals. Afternoon build-up in the Sierra Nevada during these summer 

months somewhat confuses the problem of recording cloud cover. 

In conclusion, this author feels that useful generalizations presently 

can be made regarding the weather situation likely to exist at given times 

over a given forested area. 

that cloud cover will obscure forested areas of interest from aerial view, 

radar or passive microwave imagery may still provide very useful information 

despite its present limited resolution characteristics. Continuation of 

basic research of the type suggested and reported herein, including extensive 

use of data available from weather reconnaissance satellites, should steadily 

improve the accuracy with which these vital weather predictions can be made. 

When it appears probable from these generalizations 
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LEGEND 
Reno 
Blue Canyon 
Arcata NAAS (23245) 
Bishop (23157) 
Dagget t (231 61 ) 
Oakland (23230) 
Sacramen t o  (23232) 
Fresno (23190) 

The above map o f  C a l i f o r n i a  dep ic ts  the l o c a t i o n  o f  weather s t a t i o n s  
used i n  assembling data on cloudiness f o r  t h i s  study; the Bucks Lake Test 
S i t e  i s  some 50 m i les  no r th  o f  Blue Canyon ( I ) ;  Pisgah Crater  i s  on ly  1 1  
m i l e s  from the Daggett s t a t i o n  (5);  the Davis a g r i c u l t u r a l  Test S i t e  i s  20 
m i l e s  west o f  the Sacramento s t a t i o n  (7) ;  the San Pablo Reservoir  Test Area 
i s  o n l y  a few m i l e s  from the Oakland s t a t i o n .  
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October 

F igu re  1: Long term cloudiness cha r t s  
for the  Un i ted  States. These diagrams are cons t ruc ted  from weather s t a t i o n  
data 1 i s t i n g  '%kycover'* as a percent of t o t a l  cloudiness. Weather s t a t i o n s  
denot ing  cloudiness are  i nd i ca ted  by the "dots" shown above. The genera l i -  
t i e s  regard ing  c loudiness as depicted by cha r t s  l i k e  those shown here are  
s u f f  i c i e n t l y  d e t a i l e d  f o r  most purposes. 

(Ref. No. 22, Bibl iography Section) 



a) Ekta Aero I n f r a r e d  (ob1 ique-3000Gft. above t e r r a i n )  

b) Ek ta  Aero InfraceG \ v e r t - t L d i - s i a l e :  ij20,OOO) 

. .  
F i q u r e  2: 
o f t e n  be d i s r u p t e d  by atmospheric i n t e r f e r e n c e .  
t r a t i o n s ,  i t  i s  seen t h a t  c louds have obscured t e r r a i n  fea.tures s u f f i c i e n t -  
l y  t o  d e p l e t e  i n f o r m a t i o n  which might  be obta ined.  

t h i s  photographic  angle. 
w h i c h  i s  sub jec ted  to  dense fog banks a t  c e r t a i n  t imes o f  the year. 

Proper s e l e c t i o n  o f  f i l m  type t o  meet a m i s s i o n * s  o b j e c t i v e  can 
I n  the above example i l l u s -  

The " b l u i s h "  c a s t  i n  
(a) above i s  due to  t h e  g r e a t  depth o f  atmospher ic p e n e t r a t i o n  r e q u i r e d  f o r  

I n  (b) the  San Pablo Reservo i r  Tes t  S i t e  i s  shown 
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a) Kodach rome 

b) Ektachrome c )  tKca Aero I n f r a r e d  

F i g u r e  3: Many types of atmospher ic i n t e r f e r e n c e  are  known. The above 
example i l l u s t r a t i o n s  a r e  p e r t i n e n t  to  severa l  C a l i f o r n i a  NASA Test  S i tes .  
(a) i l l u s t r a t e s  a phenomenon e s p e c i a l l y  p e c u l i a r  t o  the Pisgah C r a t e r  S i t e  
-- h i g h  speed a i r c r a f t  c o n t r a i l s  f rom nearby airbases. 
f o g  bank near the  San Pablo Reservoi r  Tes t  S i t e  f i l m e d  through emulsions 
s e n s i t i v e  to  d i f f e r e n t  p a r t s  o f  the  E lec t romagnet ic  spectrum, 

(b) i l l u s t r a t e s  a 



F i g u r e  4: Severe atmospher ic  i n t e r f e r e n c e  i s  becoming more common i n  low- 
l a n d  urban and suburban reg ions  o f  the U n i t e d  States,  
ground i l l u s t r a t i o n  shows a Southern C a l i f o r n i a  v i n e y a r d  sub jec ted  t o  mod- 
e r a t e  Iismog1l c o n d i t i o n s  exposed through b l a c k  and w h i t e  i n f r a r e d  f i l m .  
Whi le  t h i s  c o n d i t i o n  i s  r e l a t i v e l y  ra re  i n  r e g i o n a l  fo res ted  areas, i t  i s  
no ted  t h a t  l o c a l  sawmi l l  a c t i v i t y  can generate c o n d i t i o n s  s i m i l a r  t o  those 
above under  i n v e r s i o n  atmospheres, 

The above example I 



Figure 5 :  The epp i  ; c a t i o n  o f  remote sensing employing longer  wavelengths 
than conven t iona l  imagery ( i - e . ,  panchromatic and near - i n f ra red )  i s  ga in-  
i n g  suppor t  f rom many s c i e n t i f i c  d i s c i p l i n e s .  The example i l l u s t r a t i o n  
shown here  d e p i c t s  a radar  exposure o f  the Bucks Lake T e s t ' S i t e  ( C a l i f o r n -  
i a ) .  
t h e  l o n g e r  wavelengths prove inva luab le  a ids  t o  f o r e s t r y  a p p l i c a t i o n s  
when c louds  obscure the  t e r r a i n  or when d e t e c t i o n  o f  f o r e s t  f i r e s  i s  the  
o b j e c t i v e .  The reduced r e s o l u t i o n  inherent  i n  p resent  radar  systems must 
be weighed a g a i n s t  t he  a b i l i t y  t o  o b t a i n  imagery a t  a t ime when i t  i s  need- 
ed, i r r e s p e c t i v e  o f  atmospheric i n te r fe rence .  Tex ture  and tone d i f f e r e n c e s  
a i d  t h e  i n t e r p r e t e r  i n  d i s t i n g u i s h i n g  brush f r o m  t imber ;  l a r g e  water  bodies 
a r e  r e a d i l y  d i s t i n g u i s h e d  by tone; even burned b r u s h f i e l d s  can be seen as 
darkened areas i n  the  c i r c l e d  area above. 
p rox ima te  area seen on F igu re  6) = 

Proper  s e l e c t i o n  o f  radar  or  pass ive microwave sensors o p e r a t i n g  i n  

(The square o u t l i n e  shows ap- 



$I 

P 

F i g u r e  6: A p o r t i o n  o f  the area seen i n  F i g u r e  5 i s  shown here  i n  con- 
v e n t i o n a l  panchromat ic f i l m .  Greater d e t a i l  i s  poss ib le ,  b u t  even here  
t h e r e  i s  s u f f i c i e n t  c l o u d  o b s t r u c t i o n  t o  h i n d e r  accura te  d e l i n e a t i o n  o f  
t h e  water1  ine. Cloud shadows a l s o  reduce i n t e r p r e t a b i  1 i t y  (see F i g u r e  11) .  



Figure 7: Example o f  TIROS imagery and accompanying reference data,  Taped 
and D i r e c t  TV transmission are  photographed on 35 mm black-and-white f i l m .  

F i w r e  8: 
Gemini mission showing reso lu t ion  and color advantages, 

E a r t h - o r b i t a l  image o f  Grand Bahama Reef obtained from an e a r l y  
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Tab1.e 1. Blue Canyon, California 
(length of record: 5 years) 

Cloudiness data computed from 0 to 10 (clear to 100% sky cover) 

* Confidence Bands for Cloudiness Data 

Month 

January 

February 

March 

April 

Mean 

5.4 

6.4 

6.7 

6.6 

- - 90% 

9.0 - .1.8 
9.2 - 3.6 
8.0 - 5.4 
9.8 - 3.4 

May 6.0 8.0 - 4.0 
June 

July 

August 

September 

October 

November 

December 

3.6 

0.8 

2.4 

2.4 

3.9 

6.3 

6-• 3 

5.7 - 1.5 
1.7 - 0.0 
4.4 - 0.4 
4.0 - 0.8 
6.1 - 1.7 
7.5 - 5.1 
8.4 - 4.1 

95% 
9.7 - 1.1 

9.7 - 3.1 
8.3 - 5.1 
10.0 - 2.8 
8.4 - 3.6 
6.1 - 1.1 

1.8 - 0.0 
4.8 - 0.0 
4.4 - 0.4 
6.5 - 1.3 
7.7 - 4.9 
8.8 - 3.8 

-1- ,. Interpreted as the percent that the true cloudiness condition will lie 
within the band specified. 
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2.3 
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Table  2 - Reno, Nevada 

( l eng th  o f  record: 8 years )  

Cloudiness d a t a  computed from 0 t o  10 ( c l e a r  t o  100% skycover) 

it 
Confidence Bands fo r  Cloudiness Dates 

Day l iqh t  hours 

L 
9.1-3.1 

9.5-2.9 

7.4-4.6 

7.1-4.1 

7.0-3.4 

5.4-1.8 

4.0-0.6 

4.1-0.9 

4.2-0.8 

5.5-2.1 

8.2-2.8 

10.0-1.4 

95% 

9.6-2.6 

1 0.0-2.3 

7.7-4.3 

7.3-3.9 

7.4-3.0 

5.8-1.4 

4.3-0.3 

4.2-0.8 

4.6-0.4 

5.8-1.8 

8.7-2.3 

10 .O-0.5 

Mean - 
5.4 

5.6 

5.4 

4.9 

4.8 

3.4 

2.1 

2.3 

2.1 

3.0 

4.7 

4.9 

N i qht t i me hours 

90% 

7.7-3.1 

8.7-2.5 

7.1-3.7 

6.5-3.3 

6.6-3.0 

5.1-1.7 

3.7-0.5 

4.1-0.5 

3.6-0.6 

4.5-1.5 

7.1-2.3 

6.6-3.2 

95% 

8.6-2.2 

9.3-1.9 

7.4-3.4 

6.8-3.0 

6.9-2.7 

5.5-1.3 

4,0-0,2 

4.4-0.2 

3.9-0.3 

4.8-1 .a. 

7.6-1.8 

6.9-2.9 

* 
I n t e r p r e t e d  as  the percent  t h a t  t h e  t r u e  c loudiness cond i t i on  w i l l  be 
w i t h i n  the band s p e c i f i e d .  
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T a b l e  3. Arcata NAAS, Cal i forn ia  
(length of record: 15 years)  

C l o u d i n e s s  da ta  computed from 0 t o  10 (clear  to  100% sky cover) 

Confidence Bands f o r  C l o u d i n e s s  Data;': 

Month 

January 

Feb rua ry 

March 

Apri 1 

- 

May 

J u n e  

J u l y  

Augus t  

September 

October 

November 

December 

Mean 

6.5 

6.2 

- 

6.1 

5.9 

5.6 

5.4 

5.0 

4.7 

4.9 

5.1 

5.8 

- 90% 

8.0 - 5.0 

8.1 - 4.3 

8.1 - 4.1 

8.2 - 3.6 

7.6 - 3.6 

7.3 - 3.5 

7.0 - 3.0 

6.9 - 2.5 

7.4 - 2.4 

8.4 - 1.8 

9.2 - 2.4 

8.5 - 4.7 6.6 

- 95% 

8.3 - 4.7 

8 .9  - 3.5 

9.0 - 3.2 

8.5 - 3.3 

7.9 - 3.3 

7.7 - 3.1 

7.2 - 2 , 8  

7.2 - 2.2 

7.9 - 1.9 

8.7 - 1.5 

9.4 - 2.2 

8.7 - 4.5 

a In t ep re t ed  a s  t h e  percent t h a t  t h e  t r u e  cloudiness c o n d i t i o n  w i l l  l i e  
w i t h i n  t h e  band spec i f ied .  
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Table 4 - Bishop, Cal i f o r n i a  
( l eng th  o f  record: 15 yrs)  

Cloudiness data computed from 0 t o  10 ( c l e a r  t o  100% skycover) 

Confidence Bands f o r  Cloudiness Data$< 

- M n t h  - Mean - 90% 

January 4.3 7.5 - 1 . 1  

Feb r ua r y  4.2 7.0 - 1 . 4  

March 4.0 5.5 - 2.5 

A p r i  1 3.4 4.8 - 2.0 

May 

June 

J u l y  

August 

S ep t embe r 

October 

November 

December 

2.3 

2.0 

1.7 

2.0 

2.1 

2.7 

3.4 

4.5 

4.3 - 0.3 

3.7 - 0.3 

2.5 - 0 .8  

3.2 - 0.8 

4.2 - 0.0 

5.3 - 0.1 

5.9 - 0.9 

7.5 - 1.5  

- 95% 

7.8 - 0.8 

7.2 - 1.2 

5.7 - 2.3 

4.9 - 1.9 

4.4 - 0.2 

4.1 - 0.0 
2.7 - 0.6 

3.3 - 0.7 

4.4 - 0.0 

5.5 - 0.0 

6.2 - 0 .6  

7.8 - 1 . 2  

;?Interpreted as the  percent t h a t  the t r u e  c loudiness c o n d i t i o n  w i l l  l i e  
w i t h i n  the  band spec i f i ed .  



Table 5 - Daggett, C a l i f o r n i a  
( l eng th  o f  record: 15 y rs )  I 

Cloudiness data computed from 0 t o  10 ( c l e a r  t o  100% skycover) 

Confidence Bands f o r  Cloudiness Data$: 

- Month - Mean - 90% 

January 3 .O 3.3 - 2.7 

February 3.1 3.6 - 2.6 

March 

Apr i  1 

May 

June 

J u l y  

August 

September 

October 

November 

December 

3.3 

2.5 

2.0 

1.6 

1.5 

1.8 

1.9 

2.2 

2.3 

2.8 

3.9 - 2.7 

3.1 - 1.9 

2.4 - 1.6 

1.9 - 1.3 

2.0 - 1.0 

2.1 - 1.5 

2.2 - 1.6 

2.6 - 1.8 

3.0. - 1.6 

3.6 - 2.0 

95% 
3.4 - 2.6 

3.8 - 2.4 

4.1 - 2.5 

3.2 - 1.8 

2.5 - 1.5  

2.0 - 1.4 

2.2 - 0.8 

2.3 - 1 . 3  

2.5 - 1.3 

2.9 - 1.5 

3.4 - 1.2 

4.0 - 1.6 

; \ Interpreted as the percent t h a t  the t r u e  c loudiness cond i t i on  w i l l  l i e  
w i t h i n  the  band spec i f i ed .  
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Table 6 - Oakland, C a l i f o r n i a  
( l eng th  o f  record: 15 y rs )  

Cloudiness data computed from 0 t o  10 ( c l e a r  t o  100% skycover) 

Month 

January 

February 

March 

Apr i  1 

May 

- 

June 

J u l y  

August 

September 

October 

November 

December 

Confidence Bands f o r  Cloudiness Data;: 

90% - -  Mean 

5.2 8.0 - 2.4 

5.0 8.3 - 1 .7  

4.9 7.4 - 2.4 

4.3 6.6 - 2.0 

. 3.3 6.4 - 0.2 

- 

3.0 5.8 - 0.2 

2.8 5.5 - 0.1 

3.0 5.6 - 0.4 

3.4 6.2 - 0.6 

3.6 6.5 - 0.7 

3.7 7.2 - 0.2 

5.0 7.7 - 2.3 

95% 
8.2 - 2.2 

8.5 - 1.5 

7.7 - 2.1 

6.8 - 1.8 

6.5 - 0 . 1  

6.0 - 0.0 

5.7 - 0.0 

5 .8  - 0.2 

6.4 - 0.4 

6.7 - 0.5 

7.5 - 0.0 

7.9 - 2.1 

;?Interpreted as the  percent  t h a t  the t r u e  c loudiness c o n d i t i o n  w i l l  l i e  
w i t h i n  the  band s p e c i f i e s .  
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Table 7 - Sacramento, C a l i f o r n i a  
( length  o f  record: 15 y rs )  

Cloudiness data computed from 0 t o  10 ( c lea r  t o  100% skycover) 

Month 

January 

February 

March 

Apr i  1 

- 

May 

June 

J u l y  

August 

September 

October 

November 

December 

Conf i dence Bands f o r  C 1 oud i ness Data;': 

- Mean - 90% 

4.8 7.9 - 1.7 

4.0 6.6 - 1.4 

3.8 6.1 - 1.5 

3.7 5.6 - 1.8 

3.1 4.4 - 1.9 

2.6 3.6 - 1.6 

1.7 2.2 - 1.2 

0.8 1.2 - 0.4 

1.5 2.0 - 1.0 

1.8 2.8 - 0.9 

4.2 - 1.6 

4.4 7.2 - 1.6 

2.9 

- 95% 

8.0 - 1.6 

6.8 - 1.2 

6.2 - 1.4 

5.8 - 1.6 

4.5 - 1.8 

3.8 - 1.4 

2.2 - 1 . 1  

1.2 - 0.4 

2.1 - 0.8 

2.9 - 0.7 

4.4 - 1.4 

7.4 - 1.4 

;':Interpreted as the  percent  t h a t  the t r u e  c loudiness cond i t i on  w i l l  l i e  
w i t h i n  the  band spec i f i ed .  
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I '  Table 8 - Fresno, C a l i f o r n i a  
( l e n g t h  of record: 15 y r s )  

Cloudiness da ta  computed f rom 0 t o  10 ( c l e a r  t o  100% skycover) 

Conf idence Bands f o r  Cloudiness Data;'; 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

Month 

January 

February 

March 

A p r i  1 

- 

May 

June 

J u l y  

August 

September 

October 

November 

December 

Mean 

3.7 

3.9 

3.8 

3.1 

2.4 

1.8 

1.4 

0.8 

1.5 

2.3 

3.2 

6.0 

- - 90% 

6.4 - 1.0 

6.4 - 1.4 

5.6 - 2.0 

4.4 - 1.8 

3.5 - 1.4 

2.6 - 1.0 

1.8 - 1.0 

1 . 1  - 0.5 

2.1 - 0.9 

3.4 - 1 . 1  

5.4 - 1.0 

10.0 - 1.2 

i 95% 

6.6 - 0.8 

6.7 - 1 . 1  

5.8 - 1.8 

4.7 - 1.5 

3.5 - 1.5 

2.8 - 0.8 

1.8 - 0.9 

1.3 - 0.4 

2.4 - 0.6 

3.6 - 0.9 

5.8 - 0.6 

10.0 - 0 .4  

;':Interpeted as t h e  percent  t h a t  the t r u e  c loud iness  c o n d i t i o n  w i l l  l i e  
w i t h i n  t h e  band s p e c i f i e d .  
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B I B L  I O G R A P H Y  

T H E  F O L L O W I N G  S E L E C T E D  B I B L I O G R A P H I C  C I T A T I O N S  A R E  I N C L U D E D  

T O  I N D I C A T E  T H E  L E V E L  O F  C O N T E M P O R A R Y  I N V E S T I G A T I O N S  O F  

C L O U D I N E S S  AND I T S  I N F L U E N C E  O N  R E M O T E  S E N S I N G  A P P L I C A T I O N S .  

T H E Y  R E V E A L  M A J O R  C O N T R I B U T I O N S ,  P E K T I I V E N T  T O  T H I S  P R E S E N T  

I N V E S T I G A T I O N ,  F R O M  S E V E R A L  D I S C I P L I N E S  I I V C L U D I l v G  M E T E O R O L O G I C A L  

A S P E C T S ,  S T A T I S T I C A L  A P P L I C A T I O N S ,  E A R T H - U R B I T A L  A N D  S U B - O R B I T A L  

S E N S I N G  T E C H N O L O G Y ,  A N D  OTHERS.  E A C H  H A S  A B E A R I N G  O N  T H E  

Q U E S T I O N  O F  C L O U D I N E S S  S U C H  A S - - P R E D I C T I N G  C L O U D  C O V E R ,  A N A L Y S I S  

O F  D A T A  T R A N S M I T T E D  F R O M  WEATHER S A T E L L I T E S ,  R E L A T E D  D A T A  

R E C O R D S  (E.G.9 P R E C I P I T A T I O N  D A T A ) ,  S H O R T - T E R M  A N D  L O N G - R A N G E  

W E A T H E R  F O R E C A S T I N G ,  C L O U D  P H O T O G R A P H Y ,  A N D  M E T E O R O L O G I C A L  

V A R I A B L E S  A F F E C T I N G  C L O U D I N E S S  C O N D I T I U N S *  C I T A T I O N S  D A T E L I  

P R I O R  T O  1958 A R E  I N C L U D E D  B E C A U S E  OF T H E I R  S P E C I A L  S I G N I F ! C A & C E  

- T H E  L I S T  I S  F A I R L Y  C O M P L E T E  F R O M  1958 T O  T H E  P R E S E N T .  
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F O R E C A S T I N G  S u b - M I N I M U M  FOG A T  B A L T I M O K E  F R I E N D S H I P  
A I R P O K T .  

U N I T E D  A I R L I N E S  I N C .  M E T E U R U L O G Y  C I R C U L A R  1\10. 45 
1949, 

6 0 .  H A W K I N S ,  R.S. 
A N A L Y S I S  A N D  I N T E K P K E T A T I U N  UF T I K U S  I I I i V F K A R E D  
R A D  I A T  I ON h E  A S U K  E M E N T S  

J O U R .  OF A P P L I E D  M E T E U R O L U G Y ,  3 ( S ) ,  564-572. 
O C T O B E R  1964. 

61. H I S E R ,  H.W.9 S E N N  H.V. A N D  D A V I E S ,  P.J.  
M E S O - S C A L E  S Y N O P T I C  A N A L Y S I S  UF R A D A R  A N D  S A T E L L I T E  
M E T E O R O L O G I C A L  D A T A .  

C I I A M I  U N I V . 9  C U K A L  G A B L E S ,  FLA. ,  I N S T .  O F  C I A R I N E  
S C I E N C E ,  C O N T R A C T  CWb 10242, F I N A L  R E P O R T ,  OCT,  
1963. 

6 2 .  H I S E K ,  HUI'IER W . 9  F R t S E M A N ,  W I L L I A M  Lo 
K A D A K  M E T E U K O L O G Y .  

2 N D  E D ,  R E V I S E 0  BY H I S E K .  C U K k L  G A B L E S ,  F L A .  
U N I V  O F  P I I A M I .  1959. 267P 

63. H O I d E L L ,  W A L L A C E  E. 
T H E  S T E K E O N E P H b G R A P H - - A  D E V I C E  T U  H A P  C L O U D S C O P E S  F K O M  
A E K I  A L  P H O T O G R A P H S .  

H O W E L L  W A L L A C E  ASSOC.  I N C .  9 L E X I N G T O N ,  M A S S ,  
C O N T R  AF(604)-7281. OCTO 3 0 ,  1961. 

64. HUFF, F.A. A N D  N E I L L ,  J.C. 
F K E O U E N C Y  R E L A T I O N S  FUR S T U R M  K A I N F A L L  I N  I L L I N O I S .  

I L L I N O I S .  S T A T E  WATER S U R V E Y  D I V . ,  B U L L E T I N  46, 
1959. 

6 5 .  HWANGT S.S.7 T A N G ,  M.M. A N D  DAIVG, J.C. ( N A N K I N G  U N I V . 9  O E P T  
OF M E T E O R O L O G Y  1 

A G R A P H I C A L  i4ONTH-TO-MONTH C O K K E L A T I O N  M i T H O D  OF L O N G  
R A N  G E W E A T H  E K 

A C T A  M E T E O R O L O G I I A  S I N I C A ,  P E K I N G ,  30(4), 306-315 
N O V E M B E R  1959. 

FOR E SC A S T I N G  

6 6 .  I N T E R N A T I O N A L  C U M M I T T E E  FUR T H E  S T U D Y  UF C L U U D S .  
I N T .  A T L A S  OF C L O U D S  A N D  O F  T Y P E S  O F  S K I E S .  44 P 
1939. 
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6 7 .  I V E S ?  K O N A L D  Lo 

A K E A S  OF OCCURkIVCE OF G R I N D S T O N E  C L O U D S .  
W E A T H E R W I S E ?  B O S T O N .  1 1 ( 6 )  201-2030 DEC. 1958. 

68. J E N K I N S ?  C A U L  F. A N D  P.F. T W I T C H E L L  
S T U D Y  A N D  E V A L U A T I O N  O F  2 H O U K  O B J E C T I V E  T E R M I N A L  
F O R E C A S T  T E C H N I Q U E S .  

F I N A L  R E P O R T  A F ( 6 0 4 , ) - - 2 4 5 0 ,  1959. 2 1 9 P  

69. J O H N S O N ?  D A V I D  S o  

M E T E O R O L O G I C A L  S A T E L L I T E S  A N D  WEATHER F O R E C A S T I N G .  
V O I C E  O F  AMEK. F O R U M  L E C T U R E S .  S P A C E  S C I E N C E  S E R  
NO. 2 1963 7 P .  

70. J O L Y p  E.F. 
C O D E S  FOR I B M  WEATHER C O D E S  USED T O  R E C O R D  F I R E  W E A T H E R  
A N D  G E N E R A L  C L I M A T I C  D A T A .  

C A N A U A .  D E P T .  O F  F O K E S T K Y .  M I M E 0  62--5 1962 

71, K A T S 9  A B R A M  L ' V O V I C H  
P R E D S K A Z A N I E  POGODY N A  T R I - S E M '  O N E 1  ( W E A T H E R  
F O K E C A S T I N G  F O R  T H R E E  T O  S E V E N  D A Y S . )  

L E N I N G R A D .  G I D R O M E T E O R I Z D A T ?  1958 ED. 1 3 1 P .  
DIST. ay U.S. OFFICE OF TECH. SERVICE, A S  ITS OTS 
59-13900. 

72. K E I G L E R p  JOE.  A N D  K R A W I T Z t  Lo 
W E A T H E R  R A D A R  O B S E R V A T I O N S  FROM A N  E A R T H  S A T E L L I T E .  

JOURN.  O F  G E O P H Y S I C A L  R E S E A R C H  WASH. DOC. 6 5 ( 9 ) p  
2793-2808 S E P T .  1960. 

73. K E R L E Y ?  M. J. 
A N A L Y S I S  O F  C L O U D  D I S T R I B U T I O N  B E T W E E N  L O N D O N  A I R P O R T  
A N D  J O H A N N E S B U R G  FROM C O M E T  I N - F L I G H T  K E P O R T S .  

MET. M A G A Z I N E 9  LUIVDON. 8 9 ( 1 0 6 0 ) ? 2 9 7 - 3 0 0  NOVO 1960 

74. K H K A B R O V ?  I N  B o  
M E T O D I K A  S O S T A V L E N I  I A  PROGNOZOV POGODY N A  3-7 D N E I .  
( M E T H O D S  OF C O M P I L I N G  W E A T H E K  F O R E C A S T S  F O R  3 T O  7 
D A Y  S a  1 

MOSCOW. G I D R O M E T E O R I Z D A T ?  1959 1 8 2 P .  

75. K H R G I A N ,  A. KH. 
0 SOVETSKOlVi  ' A T L A S E  O B L A K O V '  I 0 K L A S S I F I K A T S I I  
O B L A C H N Y K H  FORCi. ( T H E  S O V I E T  C L O U D  4 T L A S  A N D  A C L A S S -  
I F I C A T I O N  OF C L O U D  FORIqS.1 

M E T E O K O L O G I I A  I G I D P O L U G I I A .  NO. 39 53-56. 1960 

76. K I S S ?  E. 
B I B L I O G R A P H Y  ON THE U S E  OF S A T E L L I T E S  I N  M E T E O R O L O G Y .  

MET.  A N D  G E O A S T R O P H Y S I C A L  A B S T R A C T S  VOL.  1 4 9  
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1963 P P .  870-9360 

7 7 .  K L E I N ,  W.H.9 C R O C K E T T ,  C U R T I S  W *  A N D  ANDREWS, J.F. 
O B J E C T I V E  P R E D I C T I O N  O F  D A I L Y  P P T o  A N D  C L O U D I N E S S .  

JOUR.  O F  G E O P H Y S I C A L  RES., WASH. DOC. 70(4), 
801-8130 F E B R U A R Y  15, 1965. 

780  K O L D O V S K Y ,  M I L A U  
P H O T O G R A P H I C  O B S E R V A T I O N  O F  T H E  D E V E L O P M E N T  O F  A 
T H U N D E R S T O R M  C L O U D ,  

S T U D I A  G E O P H Y S I C A  E T  G k O D A E T I C A .  P R A G U E  3 ( 1 ) , 9 3 -  
97. 1959. 

79. K O N D R O T ' E V ,  N o N o  
0 M E T O D E  I N E K O T O R Y K H  R E Z U L ' T A T A K H  B A Z I S N O I  F O T O T E O D O L -  
I T N O I  S V ' E M K I  O B L A K O V .  ( M E T H O D S  A N D  SOME R E S U L T S  OF 

T S E N T R A L '  N A I A  A E K O L U G I C H E S K A I A  O B S E R V A T O R I I A ,  
P H O T O T H E O D O L I T E  S T E R E O S C O P I C  S U R V E Y  O F  C L O U D S . )  

NO. 30984-89 1959. 

8 0 .  K R I S H N A ,  RAO.  P o  A N D  W I N S T O N ,  J A Y  S o  
I N V E S T I G A T I O N  U F  SOME S Y N O P T I C  C A P A B I L I T I E S  OF 
A T M O S P H E R I C  WINDOW M E A S U R E M E N T S  F K O M  S A T .  T I R O S  11. 

JOUR.  O F  A P P L I E D  MET., B O S T O N ,  2 (1 ) ,12 -23 ,  F E B o  
1963. 

81. K R U E G E R ,  A R T H l J R  F.  F R I T Z ,  S I G M U N D  
C E L L U L A R  C L O U D  P A T T E R N S  R E V E A L E U  B Y  T I R O S  I .  

T E E L U S .  VOL. 1 3 ( 1 )  F E B .  1961. P 1 - 7  

82, L O P E Z ,  M A N U E L  E. 
R E P O R T  O F  P H O T O G R A M M E T R Y  O F  C L O U U S  F R O M  F I X E D  C A M E R A  
S I T E S  ON THE GROUND. 

H O W E L L  N A L L A C E  E o  ASSOC. I N C .  L E X I N G T O N ,  MASS.  
C O N T R  A F 1 9 ( 6 0 4 ) - 7 2 8 1 .  S C I E N T I F I C  R E P O R T  NU 2. 
D E C E M B E R  30, 1961. 

83. L O R E N Z ,  EDWARD N o  

P R O S P E C T S  FOR S T A T I S T I C A L  W E A T H E R  F O R E C A S T I N G .  
M I T  D E P T .  OF M E T E O R O L O G Y  CONTR. A F 1 9 ( 6 0 4 ) / 1 5 6 6  
( S T A T I S T I C A L  F O R E C A S T I N G  P R O J E C T )  F I N A L  R E P O R T  
J A N U A R Y  1959. 1 8 5 P  

84.  L U D L A M ,  F.H.9 R.S. SCORER 
C L O U D  S T U D Y -  A P I C T O R I A L  G U I D E .  

LONDON.  J. M U R R A Y  80 Po 1957 

8 5 0  LUDLAM, F.H.9 K.S. SCORER 
F U R T H E R  O U T L O O K  ( C L O U D  S T U D Y ) .  

LONDON.  A. W I N G A T E  174 P o  1954 



-39- 

8 6 .  LYN.CH, H E N R Y  6. ( C O N S .  ENGS.  L.A.7 C A L I F . )  
R A I N F A L L  P A T T E R N S  A L O N G  T H E  P A C I F I C  C O A S T ,  V A R I A T I O N S  1 
M O N T H L Y  R A I N F A L L .  

1954.  

8 7 .  M C D O N A L D ,  JOE.  ( I N S T  ATMOS P H Y S I C S  U N I V .  O F  A R I Z . 1  
C L O U D  P H O T O G R A P H Y  A N D  C L O U i l  P H Y S I C S .  

WEATHER,  LONDON.  1 4 ( 8 ) ~ 2 4 7 - 2 5 2  AUG. 1959.  

880 MACE,  L.M. A N D  J O N E S ,  JOB.  
O P E R A T I O N A L  A S S I S T S  8 Y  T I R O S o  

W E A T H E R W I S E ,  BOSTON.  V O L .  15(3), 97-1010 J U N E  
1 9 6 2 ,  

89 .  MACH,  ROE. A N D  H E M P E L ,  H e P o  
R E S E A R C H  ON T H E  P R O C E S S I N G  OF SAT.  P H O T O G R A P H Y  B Y  
D I G I T A L  T E C H N I Q U E S ,  

I B M  CORP.9 K I N G S T O N ,  N o Y .  C U N T R A C T  A F  19 (604)8432  
F I N A L  R E P O R T ,  J U N E  30, 1 9 6 2 ,  95P.  ( A F C R 2 - T R - 6 2 - 8  

9 0 .  M A D V I G ,  R o M o  
P H A S E  I 1  N I M B l J S  D A T A  H A N D L I N G  SYSTEM.  

S R I ,  M E N L O  P A R K ,  C A L I F .  C O N T R A C T  N A S 5  1 8 8 2 ,  F I N A L  
R E P O R T ,  J A N U A R Y  1963.  

91 .  M A L K U S ,  J O A N N E  S T A R K ,  R I E H L ,  Ho 
C L O U D  S T R U C T U R E  AND D I S T R I B U T I O N  O V E R  T H E  T R O P I C A L  
P A C I F I C  OCEAN,  

B E R K E L E Y ,  UoC.  P R E S S  229Po  1 9 6 4 ,  

9 2 .  M A K G G R A F ,  W A L T E R  A o  
A U T O M A T I C  D A T A  P R O C E S S I N G  OF WEATHER S A T E L L I T E  D A T A .  

G E N E R A L  D Y N A M I C S / A S T K O N A U T I C S t  S A N  D I E G O .  C O N T R  

1963.  49P 
A F  19 ( 6 0 4 )  8 8 6 1 ,  R E P O R T  G D A 6 3  0 0 4 6  J A N ,  3 1 ,  

9 3 .  M A R G G R A F ,  W A L T E R  A. 
W E A T H E R  S A T E  L L  I T E  D A T A  PROC E S S  I N G  

G E N E R A L  D Y N A M I C S / A S T K O N A U T I C S ,  S A N  D I E G O T  C O N T R  
1 9 ( 6 0 4 )  88610 F I N A L  R E P O R T  J A N ,  1964.  9 2 P o  

94.  M E R R I L L ,  H A R R I S O N  J. ( U S  ARMY S I G N A L  R E S  A N D  D E V  L A B )  
C L O U D  C O V E R  O B S E R V A T I O N  AND R A D I A T I V E  M E A S U R E M E N T  F R O M  
S A T  E L L  I T E S o  

N.Y. ACADEMY OF S C I E N C E S ,  T K A N S A C T I O N S  SER. 2 
2 1 ( 1 ) ~  153-1580 DEC.  1958.  

9 5 .  M E T E O R O L O G I C A L  A N D  G E O A S T R O P H Y S I C A L  A B S T R A C T S  
S P E C I A L  B I R L I O  ON T H E  U S E  OF S A T E L L I T E S  I N  M E T E O R O L O G Y .  

V O L e  1 5 ( 2  AND 3 ) .  A M E R I C A N  M E T E O R O L O G I C A L  SOC. 
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96. M I L L E R ,  L o 1 0  
P R O C E S S I N G  S A T E L L I T E  W E A T H E R  D A T A - - P A R T  11. 

1962 F A L L  J O I N T  CONF. A F I P S  CONF.  VOL.  22, P 1 9 - 2 6  

970 M I L L E R ,  R O B T .  G o  
S T A T I S T I C A L  P R E D I C T I O N S  B Y  D I S C R I M I N A N T  A N A L Y S I S .  

T E C H N I C A L  MEMORANDUM NO. 4, C O N T R A C T  NO. A F 3 0  635 
14459, H A R T F O R D  CONN., T K A V E L E R S  R E S E A R C H  C E N T E R  
I N C .  1 3 8 P P o  1961 

98. M I L L E R ,  R O B E R T  R e  
W E A T H E R  B U R E A O  A U T O M A T I C  P I C T U R E  T R A N S M I S S I O N  G R O U N D  
S T A T I O N  E N G  I N E t K  I N G  MODEL.  

U S  W E A T H E R  B U R E A U ,  I N S T R U M E N T A L  E N G o  D I V .  
R E P O R T  1\10 6. M A Y  1964. 

990 M I T  
E X T E N D E D  F O R E C A S T I N G  R E S E A R C H  P R O J E C T ,  

CONTK.  CWB 9232  F I N A L  K P T .  J U L Y  1, 1957 J U N E  30, 
1958. 

100, M O R R I S ,  W I L L I A M  G o  
S T A T I S T I C A L  A N A L Y S I S  O F  F I R E  W E A T H E R  S T A T I O N  
D I S T R I B U T I O N .  

J. F O R E S T R Y .  V38 A P R I L  1940 P . 3 1 8 - 3 2 1  

101. M I L L E R ,  W A L T E R  
M E T H O D E N  Z U K  A B S C H A T Z U N G  D E R  A U T E I L E  B E S T I M M T E R  B E W O L K  

E S T I M A T I N G  T H E  F R E Q U E N C I E S  O F  S P E C I F I E D  C L O U D  A M O U N T S  
U N G S T U F E N  A N S  D E N  D R E I  K L I M A T L R M I N E N .  ( M E T H O D S  F O R  

O N  T H E  B A S I S  O F  T H R E E  S T A N O A R U  O B S E R V A T I O N S o )  
W E L T E R  lJND L E B E N ,  V I E N N A .  1 2 ( 3 / 4 ) ,  72-76. 1960. 

102. N A G L E ,  R O L A N O  E. A N D  B L A C K M E R p  R O Y  He J R o  
U S E  O F  S Y N O P T I C  S C A L E  W E A T H E R  R A D A R  O B S E R V A T I O N S  I N  T H E  
I N T E R P R E T A T I O N  O F  S A T E L L I T E  C L O U D  O B S E R V A T I O N S o  

S R I .  M E N L O  P A R K ,  C A L I F .  C O N T R A C T  A F  1 9 ( 6 2 8 )  2 8 4  
F I N A L  R E P O R T ,  D E C o  1 Y 6 2 o  2 5 5 P .  ( A F C K L  63 -223)  

103. NORDBERG,W., B A N D E E N ,  W.K.7 COIVRATH, B o J .  t T  A L  
P R E L I M I N A R Y  R E S U L T S  O F  R A O I A T I U N  MEAS. F R O M  T I R O S  I 1 1  

JOUR. O F  A T M O S P H E R I C  S C I E N C E S T  V U L .  1 9 ( 1 I v  20-29 
1962. 

104. N O R D B E K G ,  W I L L I A M  
R E S E A R C H  W I T H  T I K O S  R A D I A T I O N  M E A S U R E M E N T S .  

A S T R O N A U T I C S  A N D  A E R U S P A C E  E N G I N .  N.Y. l ( 3 ) t  
76-83. A P R I L  1963. 

105.  NOKDO, Jo 
E X P E C T E D  S K I L L  O F  L O N G - R A N G E  F O K t C A S T S  WHEN D E R I V E D  
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F R O M  D A I L Y  F O R E C A S T S  A N D  P A S T  W E A T H E R  D A T A .  

NORWAY. M E T E U K U L O G I S H E  I N S T I T U T T .  S C I E N T I F I C  
R E P O R T  N O  4. 1959. 

106. O ' C O N N O R ,  J A M E S  F o  
C L O U D  S I G N  I F  I C A N C E  A N D  F O R E C A S T I N G .  

AMER. M E T E O R O L O G I C A L  S O C I E T Y ,  B U L L E T I N  3 4 ( 8 ) ?  
339-350. O C T O B E K  1953. 

107. O L I V E R ,  V o J .  A N 0  O L I V E R ,  MOB. ( U S W H  WASH. UoC.1 
C L O U D  P A T T E R N S .  

M O N T H L Y  W E A T H E R  R E V I E W  WASH. L)oC.  9 1 ( 1 0 / 1 2 ) ,  
621-629. O C T O B E R / D E C E M B E K  1963. 

108. O S T B Y ,  F R E D E R I C K  P o  J R . 1  C H I S S H O L M ,  D O N A L D  A.9 B A L L ,  R O B E R T  
R E L A T I O N S  D E R I V t U  B E T W E E N  C I R C U L A T I O N  A N D  T O T A L  C L O U D  
AMOUNT B Y  S T A T I S T I C A L  METHODS.  

T R A V E L E R S  R E S E A R C H  C E N T E R ,  I N C .  H A R T F O R D ,  C O N I I o  
C U N T R  A F  1 9 ( 6 2 6 ) - 1 6 .  T E C H  MEMO 4-7045-95. S E P T .  

109. P A R S O N S ,  J A M E S  J. ( U C  B E R K E L E Y )  
F O G  D R I P  FROM C O A S T A L  S T R A T U S ?  A I T H  S P E C I A L  R E F E R E N C E  
T O  C A L I F O R N I A .  

WEATHER. L O N D O N  1 5 ( 2 ) ,  58-62 F E B .  1960. 

110. P E D '  D o A o  A N D  T U R K E T T I ,  Z o L .  
U C H E T  K L I M A T O L O G I C H E S K I K H  U A l d N Y K H  P R I  U S T E N K E  PROGIVOZOR 
P O G O D Y  ( C O N S I D E K A T I O N  UF C L I P i A T L I L O G I C A L  D A T A  I N  
E V A L U A T I N G  W E A T H E R  F O R E C A S T S . )  

M E T E O K O L O G I I A  I G I D K L l L U G I I A 8  L E N I N G R A D ,  NU05 
40-43. 1959. 

111. P I K E ,  A R T H U R  C .  
E S T I M A T I N G  T H E  E F F E C T  OF C L U U O I I V E S S  O N  I N C O M I N G  S O L A R  
R A D I A T I O N .  

C O L O o  ST .  U N I V .  FT .  C O L L I I U S .  O E P T  OF A T M O S P H E R I C  
S C I E N C E .  T E C H  P A P E R  NU. 31. M A Y  1962. 9 P  

112. P R A B H A K A R A ,  C .  A N D  S.1. R A S U O L  
E V A L U A T I O N  OF T I K O S  I R  D A T A .  

PKOC. 1 S T  I I JT .  SYMP. Ulu K O C K E T  A N D  S A T E L L I T E  M E T .  
A M S T E R D A M ,  H O L L A N D  234-236 P a  1963. 

113. P Y L E ,  R O B E R T  L o ,  A N D  MERCER, D O N A L D  /L1. 
C A T A L O G U E  O F  M E T E O R O L O G I C A L  S A T E L L I T E  D A T A  T I R U S  I 
T E L E V I S I O N  C L O U D  P H O T U G R A P H Y  

K E Y  T O  M E T E O R O L O G I C A L  R E C U K O S  D O C U M E N T A T I O N  NO. 
5.31, 1J.S. U E P T  O F  CUMMEKCE,  WEATHER B U R E A U .  
196 1 
( T I R O S  I 1  NO. 5.32) 
( T I R O S  111 NO. 5 .33)  
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( T I R O S  I V  NO. 5.34) 
( T I R O S  V NO. 5 0 3 5 )  
( T I R O S  V I  NO. 5 . 3 6 )  
( T I R O S  V I 1  NO. 5.37) 
( T I R O S  V I 1 1  NO. 5.38) 

114. P Y L E ,  R O B E R T  Lo  
D O C U M E N T A T I O N  F O R  T I R O S  I V  T V  D A T A .  

U S  WEATHER BUREAU.  M S L  R E P O R T  NO. 16. M A Y  1963. 

115. R A S O O L ,  S.1. 
CLOUO H E I G H T S  A N D  N I G H T T I M E  C L O U D  C O V E R  F R O M  T I R O S  
R A D I A T I O N  D A T A .  

JOUR.  OF A T M O S P H E R I C  S C I E N C E S .  2 1 ( 2 ) 9  152-1560 
1964, 

116. R O S E N D A L ,  H A N S  E o  
A U T O M A T I C  P I C T U R E  T R A N S M I S S I O N  FROM WEATHER S A T E L L I T E S .  3 

M A R I N E R S  WEATHER LOG. WASH. DOC. 7 ( 5 ) ,  171-1720 
S E P T E M B E R  1963. 

117. R U Z E C K I ,  M A R Y  A. 
U S E  O F  S A T E L L I T E  C L O U D  P H O T O G R A P H S  I N  N U M E R I C A L  WEATHER 
P R E D I C T I O N .  

U S  WEATHEK BUREAU.  MET.  S A T .  L A B .  R P T o  NO. 23. 
D E C E M B E R  1 9 6 3 .  

118. S A N D E R S ,  F R E D E R I C K  
T H E  E V A L U A T I O N  O F  S U B J E C T I V E  P K U B A B I L I T Y  F O R E C A S T S .  

A F  C A M B R I D G E  R E S E A R C H  C E N T E R .  T N - 5 8 - 4 6 5 .  M I T  6 5 P  
1958. 

119. S C H L O S S ,  M I L T O N  ( G M  CORP. D E F .  . S Y S T E M S  D I V .  WARREN, M I C H )  
C L O U D  C O V E R  O F  T H E  S O V I E T  U N I O N .  

G E O G R A P H I C A L  R E V I E W  N.Y. f i 2 ( 3 )  9 389-399 J U L Y  
1962, 

120. S C H U L Z ,  He 
ZUK A N S W E K T U N G  V O N  W O L K E W M E S S U I L U E K N  M I T  E L E K T R O N I S C H E N  
R E C H E N A U T O M A T E N .  ( E V A L U A T I O N  UF C L U U U  P H O T O G R A P H S  W I T H  
E L E C T R O N I C  COMPUTEK.  1 

B E I T K O G E  Z U R  P H Y S I K  D E R  A T M U S P H I K E I  F R A N K F U R T -  
A.Pi. 3 2 (  1/21 ,  78-83. 1959 .  

121. S C O R E R ,  K.S. 
D Y N A i 4 I C S  O F  C L O U O  F O R M A T I U I ' J S .  

I N T ' L  SYIYP. ON R U C K E T  A N D  S A T E L L I T E  M E T E O K U L U G Y ,  
1 S T .  W A S H I N G T U N ,  11.C. 1962. P R U C E E D I N G S .  
ED. BY H. W E X L E K  A N D  TOE.  C A S K E Y  JK .  A M S T E R D A M ,  
N O R T H  H O L L A I I D  P U B L .  CU. 1963. 
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122.  S E L L E k S ,  W I L L I A l v l  Do 

T H k  A N N U A L  A N D  D I U R N A L  V A R I A T I O N S  U F  C L U U D  AMOUNTS A N D  
C L U U D  T Y P E S  A T  S I X  A K I Z U N A  C I T I t S .  

Uo OF A R I Z O N A  I N S T .  UF A T M U S P H t R I C  P H Y S I C S ,  
S C I E l v T I F I C  R E P O R T  NO 8 1958. 1 0 4 P  

123. S E R E B R E N Y ,  S o P ' I o  AND B L A C K N E K ?  K.H. J K o  
C L O U D  R E S E A R C H  D A T A .  

S R I ,  P IENLO P A R K ,  C A L I F 0  C O N T R A C T  AF 19(604)  7312  
F I N A L  R E P O R T ,  F E B R U A R Y  1963. 

124. S E R E B R E N Y ,  S I D N E Y  I V I .  A N D  B L A C K I ~ E K ,  R U Y  H. J K o  
A N  I N V E S T I G A T I ( J N  T U  E S T A B L I S H  T H k  T R U E  N A T U R E  OF C L O U D  
C O V E K .  

S T A N F U K O  R E S E A R C H  I N S T .  C I t i I L O  P A R K ,  C A L I F ,  
C O N T K  AF 1 9 ( 6 0 4 ) - 7 3 1 2 *  S C I E N T I F I C  K E P T ,  NU 2, 
J U N E  1961, 6 4 P  

1 2 5 .  S E R E B K E N Y ,  S . H . )  W I E G M A N ,  ELOUIU J. ANO H A D F I E L D ,  R E X  G o  
I N V E S T I G A T I O N  O F  T H E  O P E R A T I O I ~ A L  U S t  OF C L O U D  PHOTO- 
G R A P H S  FROCi WEATHER S A T E L L I T E S  Ii\1 T H t  IVUKTH P A C I F I C .  

S K I ,  M E N L O  P A R K ,  C A L I F ,  C O N T R A C T  CWB 10238, 
F I N A L  R E P O R T .  N U V E M U E K  1962. 9 3 P  

126. S H A R P ,  F.A. 
C L O U D  O V E K  T H E  O P E N  SEA. 

i ' 4 E T E O K O L O G I C A L  iY lAGAZINE,  LUIVOON. 87 ( 1 0 3 3 )  ,202-204 
J U L Y  1958. 

1 2 7 0  S H I N O H A R A ,  T o  
E R R O R S  E S T I M A T I N G  T E M P E R A T U R E S  F R O M  N E I G H B O R I N G  
0 B S E R V A T  I O N  S 

J o  OF P I E T E O R O L O G I C A L  R E S .  T U K Y U o  l O ( 2 )  983-87. 
1 9 5 8 0  

128, S H h K R ,  B E K N A K U  (EL) )  
S T U D I E S  I N  S T A T I S T I C A L  W E A T H E R  P K E D I C T I O N .  

T R A V E L E R  WEATHER R E S t A K C H  C E N T E R .  C O N T R A C T  A F  19 
(604 ) -15900  F I N A L  R t P T o  O t C E M b E K  31, 1958. % 3 8 P  

129. S I N G E K T  S e F K E U  
F O R E S T  F I R E  b E T E C T I U N  FROM S A T t L L I T E S .  

JOUR. OF F O R E S T R Y ,  WASH0 U.C. 61(12) ,860-862.  
D E C E M B E R  1 9  19620 

130. SOLOl;'rUiV, I R V I N G  
E S T I i v l A T E S  O F  A L T I T U D E  A h D  P R U t 3 A B I L I T I E S  UF B E I N G  A B O V E  
T H E  C L O U D S o  

U.So A I R  h E A T H E K  SOUKCE,  C L I N A T I C  CEIUTER. T E C H .  
iqEtuiO TG T H t  D1KECTC)K .  T M - 3 9 - 2  A U G .  11, 1959. 
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131. SOLL) fq I3h t  I K V I i i G  
f S T  I Pi A T  € U F K tC)U tll‘ C I E S L) F SP t C; I I- I L U C L O U D  APiUUIVTS W I T H  I i\l 
S P E C I F I E D  K A N G t S  OF A L T I T L J U E .  

U.S. A I R  & E A T H E R  S E K V I C t .  T t C H .  R t P b R T .  167, 
A P R I L  1963. 

132.  S T A R K ,  lu. 
33 Y K  . SUl~i iViARY Ul- C L  I I J t A T O L b G  I C A L  I ~ I E A S U K E M E N T S  F R O M  T H E  
C E N T R A L  S I E k K A  N E V A D A  I lk  C A L I I - U K I Y I A .  

U S F S  P S W F  AND K t S .  K E S .  N U T t .  PSW 36. 1963 

133. S T E R N B E R G ,  S I D N E Y  A I I O  W I L L I A b ‘ l  C;. S T K U U U  
T I K O S  I R E T E O K U L U G I C A L  S A T t L L I T t .  

A S T R O I \ A U T I C S .  5 ( 6 )  7 32-34 AIl’I) 84-86. J U N E  1960. 

134. S T R A U C H ,  E D W A K U  ( P I H I ~ I T  N A K S A W )  
F I Z Y C Z N E  P G u S T A W Y  S T O S U P J A W I A  t 1 L T K U I . I  W F U T U G K A F I  I C t i r 4 I I K  
( P H Y S I C A L  F U I J N U A T I U I V S  Ut- T H E  A P P L I C A T I L J N  IJF F I L T E R S  I[\) 
C L O U D  P H U T U G K A P H Y  1 

P K Z E G L O O  b t O F I Z Y C Z M Y  WUKSfiW 5 (  1) 941-48. 1960. 

135.  S T K O U D ,  1.J.G. 
I P I I T I A L  R E S U L T S  UF T H t  T I K U S  I P I t T .  S A T t L L I T E .  

J. O F  G E U P H Y S I C A L  R E S .  6 5 9  1643-1644. MAY 1960. 

136. S U T T O b I ,  S I R  O L I V t K  GKAHAP-I 
L U U K I N G  A H E A U  I l u  W t A T H E K  F U K ~ C A S T I N G .  

G E O G R A P H I C A L  k I A G A Z I I \ I k ,  LUI\DCJN 3 3 ( 5 )  9287-294 
SEPTEidt ldEK 1960. 

137. T O I V ~ K I N ,  R U S S E L L  J., LA K U t ,  J.A., b L \ I l ’ l l k R S ~  F. 
O B J E C T I V E  P K E l ~ t I C T I O i ~  O F  C L O U D S  AIuU P K t C I P I T A T I O h  U S I N G  
V E R T I C A L L Y  I i C T t G k A T E U  i b l O I S T t J k t  A I I U  A I ) I u b A T I C  V E R T I C A L  
N U T  101\ lS  

J. U F  A P P L I E D  METEORIJLUGY. 4 ( 1 ) , 3 - 1 7 .  F E B .  1965 

138. T U R N E R ,  J.A. 
T H E  E V A L U A T I C I N  OF R A I N F A L L  P R U l 3 A b I L I T Y  F O R E C A S T S  FOR 
F O K E S T K Y  

C A N A D A .  M E T E O K O L U G I C A L  BkAI ’JCH, C I K  31481 T E C  290 
J A N U A R Y  151 1959. 

1 3 9 U S C I V I L I!, E K IJIY AU T I C S 
P I L O T ’ S  N E A T t i f K  H A N D B O U K .  

A DPI I I\! I S T K  A T I UIU 

CUA T t C H .  C1ANUAL INUo 104, K E V .  1 9 5 5  WASH. 1I.C 
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141 .  U.S. N A V Y  ' K E S E A K C H  F A C I L I T Y  
V E K T I C A L  I * iUTIOI \ )  A N D  W E A T H E K .  ( K E P U K T  O N  T A S K  3 0 - - E V A L -  
U A T I U N  OF r v U l j l E K I C A L  \ .JEATl- I tK P K t U I C T I U i \ J  T E C H N I Q U E S .  1 

NWKF 30-0359-024 .  PtAKCH 1959 .  

1 4 2 .  U.5. W E A T H E R  B U K E A U  
C L  I M A T O L U G I C A L  I J A T A  G A L  I F L I R N  I A. 

US N E A T H t K  B U K E A U .  

1 4 3 .  U o S .  l v E A T H E K  B U K E A U  
THE: C L I i 4 A T E  O F  H U M B I ) L O T - - U t L  N t I K T t  CU. 

E U K E S A ,  C A L I F .  F A K P I  L I U V I S U K .  A G K I C .  E X T E N S I U N  
S E h V I C t ,  U.C. 1964.  34P 

144 .  U.S. W E A T H E K  bUKhAU 
C L O U D  C O l l E  C H A K T .  

REV.  JAhI. 1958 

145 .  U.S. k E A T H E K  t i U K t A U  
I N T  ' L M E T E O K O  L 06 I C A L SA T E L L I T E W U K  K SHOP 

I i\i T . PI E T  t ORULCJG I C A  L 38-r t L L I T t \.ILIKK SHOP T W A S H  
D.C. 1961.  w u c t t r m m .  

146 .  U.S. W E A T H E R  b l J K k A U  

NO.  3.151 
K E Y  T U  iii E T t UKO L O G  I C A  L K t C I J k  L)S UUC U i 4 E N T A T  I (JIV . 

1 4 7 .  U.S. W E A T H E R  D U k t A U  
L O C A L  C L ~ N A T U L I J ~ I C I A L  I I A T A .  

US l i t A T h t K  BCJKEuU. 

1480 U.S. W E A T H E R  U U K t A U  
S Y i \ I U P T I C  r ~ i E T t 0 K O L U G Y  U S  P K n C T  I C t U  d Y  T H E  I V A T I U N A L  
PIETEUKOLUGICAL C E N T E R ,  P- r .  i - - a t w L Y s r s .  

T h t  I \ l k i !AC i - IA l \ rdAL ,  b Y  T h t  31 AI- l -9 N A T ' L  W E A T H E K  
A N A L Y S I S  C E l v T E K  WASHIIVGTIJIVT D O C .  OCT.  1960. 

1 4 9 .  U.S. k ! t A T H E K  B U K t A U  
i J U K L b  L J E A T H E K  K t C U K L I S ,  L> ! /ASHI I \ !GT~ IV  U.C. 

U 511 t3 PI A j t i  I IVGTLJI~  Li.  C . 19 L o -  
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152.  WAKK D A V I D  0 .  A N D  h ’ I I \ ISTuN,  J A Y  S. 
A P  P L I C A  T I O N  0 F S A T  E L L I T E K A D  I A T  I UN Ivl E A  S 1JK t PI E 1\1 T S T O 
S Y N O P T I C  A N A L Y S I S  A N D  T O  S T U D I E S  UF T H E  P L A N E T A R Y  H E A T  
B U D G E T .  

I N T O  SYPIP. OIV R O C K E T  A N D  S A T .  MET.  l S T ,  WASH. 
DOC. 1962. P R O C E E D I N G S .  ED. BY H. W E X L E R  A N D  
T.E. C A S K t Y  J R .  A M S T E R D A M T  N O K T H  H O L L A N D .  P U B L .  
G O .  1963. P 2 4 7 - 2 5 3 .  

153. WARKT D.O., YAFVIAMOTOr L I E N E S C H ,  J.H. 
M E T H O D S  O F  E S T I M A T I N G  I N F K A R E U  F L U X  A N U  S U R F A C E  
T E M P E K A T U K E  F R U M  M E T E O R O L O G I C A L  S A T E L L I T E S .  

J. OF A T M O S P H E R I C  S C I E N C E S .  1 9 ( 5 ) .  S E P T .  19621  

154. W E I N S T E I N ,  M E L V I N  A N D  S l J O M I t  V t R I V t R  E. 
A N A L Y S I S  O F  S A T t L L I T f  I - R  K A D I A T I U I V  M E A S U R E M E N T S  O N  
A S Y N O P T I C  S C A L E .  

M O N T H L Y  W E A T H E R  R E V I t W .  V U L .  8 9 ( 1 1 ) ~  419-4280 
I\ IOVEMBER 1961. 

155.  W E X L E K ,  H A K K Y  A N D  F g I T Z ,  S I G M U N D  ( U S N B )  
T I K O S  R E V E A L S  C L O U D  F O R M A T I U I I S .  

S C I E N C E ,  WASH. D o c .  1 3 1 ( 3 4 1 5 ) ~ 1 7 0 8 - 1 7 1 0 .  
J U N E  101 1960. 

156. W H I T E ,  R O B E R T  P1.t M Y E R S ,  R . F . 7  WARD, F.W. AtqD G U Y ,  GOA. 
G E N E R A L  D E S I G N  F O R  W E A T H E R  O B S E R V I N G  A N D  F O R E C A S T I N G  
S Y S T E M  

U S A F  C A M B K I D G E  K E S .  C E N T E R  A F C K C  T N  5 7  609. 
A S T I A  D O C U M E N T  133846. U t C o  15,  1957. 9 2 P  

\ 

157. W I D G E K ,  W I L L I A M  K. JR .  AIvD WOOD, CHASOP.  
E X P L A N A T I O N  O F  T H E  L I M I T A T I O N S  T U  T H E  C O V E R A G E  P R O V I D E D  
B Y  T I R O S .  

W E A T H E R W I S E t  B U S T U N .  1 4 ( 6 ) ~  230-2370 DEC. 1961. 

158. W I D G E R ,  W I L L I A M  K. 
M E T E O R O L O G I C A L  S A T E L L I T E S  AND W t A T H E R  K t C O N N A I S S A N C E  
A I R C  R A F  T--CO M P L E PI E N  T A R Y 0 B S EK V I N G  S Y S T E 1‘1 S 

A M E R I C A N  R k T E O R O L O G I C A L  S U C I E T Y t  B U L L E T I N  
4 4 ( 9 )  7 549-5630 S E P T .  1963. 

159. W I N S T O N ,  J A Y  S o  A N D  T O U K V I L L F ,  L L U Y O  ( U S W B )  
C L O U D  S T R U C T U R E  O F  A N  U C C L U O E D  C Y C L O N E  O V E R  T H E  G U L F  OF 
A L A S K A  A S  V IEWErD B Y  T I R O S  I. 

A M E R I C A N  M E T E O R O L O G I C A L  S O C I E T Y ,  B U L L E T I N .  
4 2 ( 3 ) ,  1 5 1 - 1 6 S o  M A R C H  1961. 

160. W I N S T O N ,  J o s e  
T H E  O P E R A T I O N A L  USE O F  M E T E O K O L O G I C A L  S A T E L L I T E  D A T A .  

A N N A L S  OF T H E  N.Y. ACAD. O F  S C I E N C E S  V 9 3 / 1 9  
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O C T O  3 ,  1962. P 7 7 5 - 8 1 2  

161. WORLD M E T E O R O L O G I C A L  ORG. 
I N T O  C L O U D  A L B U M  FOR O B E R V E R S  I N  A I R C R A F T .  

G E N E V A .  1956 

162. WORLD M E T E O R O L O G I C A L  ORG. 
I N T .  C L O U D  A T L A S .  

G E N E V A .  1956. 

163 .  Y A M A G U C H I ,  R A N O U  ( A V I A T I O N  WEATHER S E R V I C E ,  T O K Y O )  
C L O U D  D I S T R I B U T I O N  R E V E A L E D  B Y  T I R O S  111. 

M E T E O R O L O G I C A L  S O C I E T Y  OF J A P A N ,  TOKYO.  JOUR.  
SER. 2 4 2 ( 5 ) ~  285-2980 O C T O  3.964. 


